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referring to the different disciplines of the product assuranceare alocated to 
each class, compatible with the risk margin accepted for the mission. To 
complete the selection and customization of product assurance requirements, 
the Borda method will be used for ordering and ranking the requirements of 
each product assurance discipline by specialists who will make an assessment, 
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indicate the ones that must be apllied to each class of satellite. 


I. INTRODUCTION required quality according to their criticality, assessed 
1.1. Context through technical and managerial interests. 


In the space area, the products are complex and require The complexity of managing a rigorous requirements 


high reliability during the mission, therefore, it is selection process for space products makes this process 


extremely important that the organization maintains a expensive and time-consuming. To reduce the cost and / or 


rigorous process of selecting requirements for ensuring the time of manufacturing of the small satellites it is necessary 


quality of the product. The set of requirements derived to use a process of selection and customization of product 


Tom ie. aoe Gall ‘he: fised. ac & ase toc abe assurance requirements, to define and accommodate the 


development of a specific product assurance plan for each unique aspects of each program or project, in order to 


project. Regardless of size, space system projects have the achieve the success of the mission in an efficient and 


economical way. 
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Product assurance requirements selection and 
customization allow programs and projects to be 
successful in achieving their goals and the key is to use the 
expertise effectively, reflecting lessons learned and best 
practices to achieve the desired benefits, eliminating 
unnecessary expenses. 


The word customization is used in the sense of 
personalization, adaptation, adequation. In this way, to 
customize is to adapt something according to the necessity. 
It is the process used to relieve the stringency of the 
product assurance requirements, consistent with the 
objectives of the program or project and with acceptable 
risks and restrictions. Customization does not require 
exemptions or deviations, but significant customizations 
must be documented in the documentation control system 
(NPR 7123.1C, 2020). 


[1] Although customization is expected for all sizes of 
projects and programs, small projects present 
opportunities and challenges that are different from 
those of large traditional projects, such as the space 
shuttle, the International Space Station, the Hubble 
Space Telescope and the Mars Science Laboratory. 


1.2 Problem 


The major problem identified is finding a consistent 
methodology in the literature in which it is clear what the 
assurance requirements of the product should be applied to 
small satellites. This definition is important to ensure that 
space products fulfill their defined mission objectives in a 
safe, available and reliable manner. (Albuquerque, I. S, 
Brito, AC, Perondi, LF, 2020) 


Product assurance, systems engineering and project 
management are essential disciplines for the development 
of systems for mission critical applications. In the space 
area, products are complex and a rigorous selection 
process for defining product assurance requirements is 
necessary. If correctly and consistently defined, they will 
ensure that the product is safe and reliable. 


Space projects have their quality defined according to 
the mission's criticality. The more critical the mission, the 
more complex the management of product assurance 
requirements will be. 


Thus, it can be said that the greater the number of 
interfaces, both managerial and technical (product), the 
greater the effort required to guarantee the product 
necessary for success in a given enterprise. 


1.3 Objective 


The objective of this work is to show the possibility of 
defining mission classes according to the level of risk 
exposure, the manufacturing time and cost, and the process 
for the selection of product assurance requirements 
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corresponding to each class, in order to obtain eventual 
gains in cost reduction or manufacturing time, in the 
development of missions according to the class in 
question. This article focuses on the selection and 
customization of the requirements of the product assurance 
disciplines allocated to the small mission class. 


In order to achieve the objective of this article, the 
work was divided into two phases. The first phase, using 
the AHP-Sort method, will establish a ranking based on the 
mission risk, mission purpose and lifetime criteria, thereby 
making it possible to define the limits that establish the 
classes of satellites in the range A to D, TOR-2011 (8591) - 
21, 2011 


In the second phase, the Borda method will be used for 
ordering and ranking the requirements of each product 
assurance discipline. As described by Costa, H., G., 
(2014), McLean, (1990) and Barba-Romero, (1997). The 
main idea of this method is based on determining a 
combination of the individual ranking or ranking 
established by each of the decision makers in a global 
classification. 


By making a selection and customization of the 
product assurance requirements associated with the 
execution of the project, it is possible, in principle, to 
generate gains in reducing costs and manufacturing time, 
as long as there are no impacts in the occurance of non- 
conformities during the system, subsystems and 
equipments verification phases!. 


I. METHODOLOGY AND WORK 
ORGANIZATION 


2.1. Methodology 


According to studies carried out by Popper (2003), 
scientific research is based on the logic of empirical 
methodology since it is characterized as a continuous, 
systemic and reflective sequence that aims to acquire 
knowledge through research. 


This research shows that for small satellites, as they 
normally involve low costs and shorter development times, 
there is, in principle, scope for implementing a strategy 
described below. 


The methodology is divided into three phases: 


a) problem definition - there is no methodology for 
selecting product assurance requirements for small 
satellites; 


‘Upward part of the V diagram, reference of 
systems engineering. 
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b) bibliographic review - bibliographic review will be 
carried out on the classification of space missions and on 
product assurance requirements for space systems; 


c) development of a proposal for the classification of space 
missions - work will be carried out to justify and define the 
classes of satellites and allocate quality requirements; In 
this phase of the work, a tool called “multicriteria of 
decision” (MCDA) will be used, which applies to 
situations in which several conflicting criteria need to be 
evaluated in order to make a choice between multiple 
alternatives. 


The methodology proposed in this study essentially 
consists of a customization of product assurance 
requirements associated with the execution of the project, 
for small missions, in order to reduce the cost, the time of 
manufacture and / or the scope of the mission , without 
compromising its main objective. Thus, the basic premise 
for such requirements customization is that they do not 
affect the reliability of the system, fully preserving the 
systems engineering logic, in the sense that the system, 
subsystems and equipment requirements are all verified 
through testing. 


To meet the objective, the application of AHP-Sort is 
used, which is a variation of the Analytic Hierarchy 
Process - AHP method. The use of AHP-Sort is indicated 
for classification and reduction of alternatives. In this 
work, some specifications defined by the stakeholders will 
be used, such as risk, lifetime and type of mission for the 
classification of satellites in classes A, B, C or D. 


Once the classes of the missions are defined, the 
Bordamethod will be used to order and rank the 
requirements, of the product assurancedisciplines with the 
aid of questionnaires, to be completed by specialists. These 
data will be compiled and the result will indicate which 
requirements will be applied to each class of satellite. 


2.2. Work Organization 


To achieve the objectives proposed for this work, it is 
necessary to have a detailed and complete understanding 
of the concepts and rules applicable to the theme of this 
study. Basic concepts and an adequate bibliographic 
review aim to solidify the terminology and applications 
used in the space program. 


The Sections I to III present the Introduction, Context, 
Problem, Objective, Methodology, work organization and 
Bibliographic Review. Section IV shows the application of 
the AHP-Sort method and bordamethod while section V 
presents the conclusions of the article. 


Hil. BIBLIOGRAPHIC REVIEW 
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3.1. Product assurance requirements 


The European Cooperation for Space Standardization 
(ECSS), considers the Product Assurance a discipline to 
support risk management, ensuring that space products 
carry out their approved missions in a safe, available and 
reliable manner (ECSS -S - ST - 00C). 


ECSS presents the Product Assurance disciplines for the 
development of a space system, unlike NASA (National 
Aeronautics and Space Administration), which has the 
Mission Assurance discipline. In this case, NASA is 
explicit in that it covers all other disciplines through the 
independent application of scientific principles, 
engineering principles, quality standards and program 
management in order to achieve the mission's success 


(TOR-2007 (8546)-6018 REV. B). 


With regard to adapting Product Assurance 
Requirements for space products, ECSS standards provide 
guidelines for adapting their requirements based on 
criticality categories. Some studies present other criteria to 
adapt the development processes. 


3.2. Mission assurance guidelines for A-D mission 
risk classes 


The NASA document, TOR-2011 (8591) - 21, is a 
document product of the 2010-2011 government and 
industry program, whose objective was to develop 
guidelines for defining characteristic profiles of the 
mission assurance processes for a given class of spacecraft 
risk (A, B, C or D), so as to serve as a recommended 
technical baseline to meet program needs, based on 
programmatic constraints and mission needs. This 
document provides mission risk class A to D profiles for 
USA space programs, considering factors such as 
criticality to the strategic plan of a specific government 
agency, national significance, availability of alternative 
Opportunities, success criteria, investment, lifetime, 
mission and other factors. 


The guidelines TOR-2011 (8591) - 21 provided in this 
document will serve as input for the requirements 
documents assessed in relation to the technical cost factors 
of a specific acquisition, as well as for the quantified risk 
and mitigation strategies to define the program baseline 
and risk requirements to meet the stated objectives of the 
mission. 


3.3. AHP-Sort: an AHP- based method for 
classification problems 


The AHP is a useful and widespread method for 
decisions making and solutions for the choice and 
classification of problems (Arueira, 2014). However, it is 
not suitable for classifying problems. In addition, another 
practical limitation of AHP is that a large number of 
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alternatives implies in a large number of comparisons. This 
work uses AHP-Sort, a new variant of AHP, used to sort 
alternatives in a predefined ordered categories. According 
to Gujansky, (2014), in addition to this, the AHP-Sort 
requires much less comparisons than the AHP, which 
facilitates decision making on a scale. In this work, this 
approach is used to define and select the classes of 
satellites. 


The main characteristics of profiles from risk classes A 
to D are described below: 


e Class A - represents a mission with minimal 
practical risk, in which all possible ways are 
sought to reduce the program's risk exposure. 


e Class B - it is low risk, with small commitments 

in applying mission assurance standards to 
trade-offs 
minimum risk and lower cost for operating and 


balance programmatic between 


demo systems. 


e Class C- it represents moderate risk and transfers 
the government's burden of risk to the best 
practices of contractors for exploratory or 
experimental missions. 


e Class D - represents the highest risk profile, 
usually for a year or less, on experimental 
missions, and completely changes the 

development to best contractor practices, with 


minimal government oversight. 


3.4. Borda Method: sorting product assurance 
requirements 


From the bibliographic study it has been concluded that 
applying the Borda Method in each of the disciplines of 
the Product Assurance, according to the ECSS, (2016), it is 
possible to define a ranking of the requirements allowing 
the selection of each assurance requirement of the product 
within the limits established for the satellite classes 
defined in the previous phase. 


According to Silva, C., J. E. (2015) the Borda Method 
was presented by Jean-Charles Borda in 1781, in France, 
to be applied in committees composed of more than one 
individual (multidecisor problem). The central idea of this 
method is to establish a combination of the individual 
ranking or ranking established by each of the decision 
makers in a global ranking. 


Within the scope of the ECSS standards (ECSS, 2016), 
the disciplines of product assurance are defined: 1) Quality 
Assurance (QA); 2) Product Assurance Management; 3) 
Electrical, Electronic and Electromechanical Components 
(EEE); 4) Processes, Materials, Mechanical Parts; 5) 
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Software Product Assurance; 6) Dependability and 7) 
Safety. 


The QA discipline was selected for this article. The 
requirements of the QA discipline are distributed 
according to table 3.1. 


Table 3.1 Quality Assurance requirements 


10. QA requirements for manufacturing, assembly 
and integration 


11. Manufacturing readiness reviews 
12. Cleaning and contamination control 


13. Specific requirements for assembly and 
integration 


14. Logbooks 


15. QA requirements for acceptance and delivery 
16. Project reviews 





IV. APPLICATION OF METHODS AND RESULTS 


4.1. Application of the AHP-Sort Method 


During the life cycle of a project, in the definition of 
the mission, some product requirements are established, 
and the most common are: lifetime, purpose of the mission 
and acceptable risk. In the generic example, the 
requirements in table 4.1 were randomly defined. 


Table 4.1 - Definition of the main satellite requirements 
according to TOR-2011 (8591) - 21 


OoOo oo CLASS A CLASS B CLASS C CLASS D 
LIFETIME >7 years <7 years <4 years <1 year 


MISSION Operational Demonstrative Exploratory Experiment 
RISK Minimmum Low Moderate High 


To represent the problem, the hierarchical analytical 














structure of the problem was created with its criteria 
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(requirements) and alternatives (classes) for all the 
disciplines that are represented according to Figure 4.1. 
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REQUIREMENTS REQUIREMENTS 


















REQUIREMENTS 
FOR FOR FOR 
DEPENDABILITY QUALITY ASSURANCE SAFETY SYSTEM 
R1,R2,R3.....RA 


R1,R2.R3,,.... R1R2,R3 





COMPONENTS — EEE 


REQUIREMENTS REQUIREMENTS REQUIREMENTS 
FOR FOR PROC. MAT. AND FOR 
MECHANICAL PARTS SOFTWARE PA 
R1R2,R3,...Rn R1,R2,.R3,..Rn R1.R2,.R3, Rn 







Fig. 4.1 - Analytical hierarchical structure of the problem 


After defining the analytical structure of the problem, a 
study was carried out, as shown in Table 4.2, taking as an 
example four fictitious and random satellites in which 
three product assurance requirements have been applied: 
lifetime, mission and risk. 


Table 4.2. Fictitious satellites 


ee 


Seeemes | 1 | experiment | 9.0 | 


Figure 4.2 illustrates the AHP-Sort process that will be 
applied for the classification of the satellites defined in 
table 4.2. 





Class A 
seer Limit - class A/B 


Class B 
Selection of 
PA Limit class B/C 
Requirements 
Class C 


-———— Limit class C/D 





Fig. 4.2-AHP-Sort Process 


Figure 4.3 shows the allocation of each requirement in the 
classes defined according to table 4.2. 
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LIFETIME MISSION RISK 
10 years 10 saa a 
W19 
ClassA Operational 
W] 2 i 
7 years 7,5 ow 
X|6 xl 3 2S5 
Class B Demonstrative 
Y| 4 4 years 5 Moderate 
(5) 
ClassC Exploratory 
z| 1 1 year 2,5 Y| 7 High 
(7,5) 
Class D Experiment 
Zi 9 





Fig. 4.3. Limiting Profiles for Each Class 


To perform the pair-to-pair evaluation shown in Tabela 
4.3, the fundamental Saaty scale was used. 


Table 4.3. Fundamental scale of Saat (1991), adapted by 
author of arueira, 2014. 


The Fundamental Scale for Pairwise Comparisons 
mportance 
+ | Equal importance Two elements contnbute equally to the 

objecte 

3 Moderate importance Expenence and judgment slightly favor 
one element over another 

5 Strong importance Expenence and judgment strongly favor 
one element over another 


One element is favored very strongly 
Very strong importance | over another, its dominance is 
demonstrated in practice 
The evidence favonng one element 
Extreme importance over another is of the highest possble 
order of affirmation 
Intensities of 2, 4, 6, and 8 can be used to express intermediate values 
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In this work, the SuperDecisions software, a Multicriteria 
Decision Support tool, will be used to structure and 


optimize the Performance Evaluation, generating 


organized results. 


Figure 4.4. presents the SuperDecisions software 
screen indicating the relationship between the objective, 
criteria and alternatives 


o Objective b (=) x] 
Selection of PA Requirements | 


(m, Criteria è © x] 
Mission | Risk | Litetime | 


o Alternatives bl 5) x] 
Class al Class B| Class c| Class o| 


LI 


Fig. 4.4. Hierarchy presented by the SuperDecisions 
software. 
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According to Arueira (2014), the fundamental Saaty 
scale must be applied in the AHP method for the pair-by- 
pair comparison, the SuperDecisions software presents the 
table below, which is composed of three columns: 


1. Choose - The degree of importance of each 
criterion is defined 


2. Node Comparisons - Shows the pair-to-pair 
comparison 


3. Results - This column shows the degree of 
importance of each criterion and also the value of 
the inconsistency of the judgment. 


Inconsistency is an index that, according to Saaty, must be 
less than 0.1. In the example, 0.06239 was found, 
indicating that the comparison is acceptable. When this 
index is greater than 0.1 the comparison must be redone 


The Figure 4.5.shown de Pair-to-pair conparison of the 
criteria, using the Super Decisions software. 


A Comparisons for Super Decisions Main Window: tese Inaldo 01-01-2021.sdmod 


1. Choose 2. Node comparisons with respect to Selection of PA Requ~ + 


Node Cluster Graphical Verbal Matrix Questionnaire Direct 
Choose Node <>l Comparisons wrt "Selection of PA Requirements" node in "Criteria" cluster 
Mission is very strongly more important than Risk 
Selection of P~ | EER: | | 
1. Litetime >=9.5]9]8]7]6]5/4)/ 3/2 2{3[4[5 6] 7] a| 9] 95 [Nocomp,| mission 
2. Litetime >=9.5 | 3] a| 7| | safe 2| |2| aja] s|] z|] o| >=9.5 [No comp. Risk 
F EELE EEEE esere] 





Cluster: Objective 





3. Mission 


Choose Cluster 4>! 


Criteria — | 
Restore | 








Normal — | 


= 0O 


3. Results 


Inconsistency: 0.06239 


4 Completed >| 
4 z nie A] 





Fig. 4.5 Pair-to-pair comparison of the criteria, using the Super Decisions software 


The Figure 4.6 shows the same result in matrix form 
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| O Comparisons for Super Decisions Main Window: tese Inaldo 01-01-2021.sdmod 


1. Choose 2. Node comparisons with respect to Selection of PA Requ~ 


Node Cluster Graphical Verbal Matrix Questionnaire Direct 
Choose Node _ «l=! Comparisons wrt "Selection of PA Requirements" node in "Criteria" cluster 
Mission is 7 times more important than Risk 
Selection of P~ — | 


- - Inconsistency | Mission {Risk ~ | 
Cluster: Objective 


Litetime ~ 
Choose Cluster <1! at 
Criteria — | 


Restore | Copy to clipboard | 


Fig. 4.6 Pair-to-pair comparison of the criteria, using the Super Decisions software 














Next, it is necessary to judge the alternatives in relation Using the data in table 4.1, a pair-to-pair comparison of 
to the limiting factors. In the exercise, the comparison the value of each alternative and the limiting profile of 
matrix was judged by peers with all alternatives in relation each class were performed. 


to each of the limiting profiles of each class. 


A= 


Small 
| 6 | 0. , 
E 
r 





Fig. 4.7. Values for judgments 


The following table contains the complete judgment with 
all profiles and all classes in table 4.1. 


Table 4.4 Judgments of the criteria in relation to the limiters 








Criteria (limits Class AH] 










Alternative i a 
Satellite x D33333 | 3 | 9 
Satellite w 3 
Satellite y E 
Satellite z anmu (afa 
- m 





Alternative 


Sabellille x 
Sabellile w 
Sabellile y 
Sabellile x 





Alternative 






Sabellille x 
Sabellile w 
Sabellile y 
Sabellile z 





After judging the criteria in relation to the limiting attribution of the alternative to its class through the global 
factors, the satellites were classified and, for that, it was priority. These steps were performed for each alternative to 
necessary to aggregate the weighted local priorities that be classified according to Table 4.4. 


provide a global priority for each alternative, as an 
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Table 4.5. Evaluation for Satellite Classification 


Criteria (class A) 























Alternative cama = SEE Class 
Escore Score 
Satellite x 0,5882 0,4118 
Satellite w 0.66667 0.66667 0.66667 0,3333 0.6667 A | 
Satellite y 0.33333 0.16667 0.12500 0.8053 0.1947 | 
Satellite z 0.11111 0.11111 0.11111 0.8889 0.1111 | 
Criteria (class B) ee i 
i Limiting Alternative 
Alternative Class 
Escore Score 
Satellite x 0.80000 0.66667 0.75000 0.3015 0.6985 B 
Satellite w 0.85714 0.50000 0.83333 0.4057 0,5943 A | 
Satellite y 0.75000 0.25000 0.16667 0.6626 0.3374 | 
Satellite z 0.16667 0.16667 0.14286 0.8353 0,1647 | 
Criteria (class C) nets s 
. Limiting Alternative 
Alternative Class 
Escore Score 
Satellite x 0.88889 0.85714 0.83333 0,1388 0.8612 B 
Satellite w 0.90000 0.83333 0.88889 0.1496 0.8504 A | 
Satellite y 0.83333 0.75000 0.66667 0.2411 0.7589 Ë | 
Satellite z 0.50000 0.25000 0.20000 0.7070 0,2930 D | 
As shown in table 4.6. -The evaluation for 


classification of satellites, the four satellites under study 
were identified and the following classification was 
obtained: 


Table 4.6. Final satellite ranking 
Satellite W Class A 
Satellite X Class B 
Class C 
Class D 


Satellite Y 
Satellite Z 





4.2. Borda Method: Ordering product assurance 
requirements 


For the second part of the problem, we will use the Borda 
method for ordering the requirements of each product 
assurancediscipline. The central idea of this method is to 
ranking established by each of the decision makers in a 
global ranking. 
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The 


The minimum risk 


the moderate risk 


Definition of the evaluators 


Definition of the Evaluation 


Criteria 













Definition of alternatives / 
evaluators 


.. Evaluator n-1 

SS The minimum risk 
alternative 

the low risk alternative 


the moderate risk 
alternative 












Evaluator n 


The minimum risk 
alternative 


the low risk alternative 






Evaluator 1 








alternative 





















the moderate risk 
alternative 


alternative 


the high risk 
alternative 


the high risk 
alternative 










the high risk 
alternative 


Sum of the notes 


orting of alternatives by the 
score obtained 








Fig. 4.8. Requirements ordering flowchart 


following steps are performed when applying the 


Borda method: 


1. Define the evaluators or judges or members of the 
jury 
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2. Define the elements or alternatives to be ranked. 


3. Obtain the assessments or judgments established 
by each decision maker for each of the 
alternatives. 


4. Associate a score, order number or ranking score 
with each alternative, considering the individual 
judgments of each of the alternatives. 


5. For each alternative, add the order numbers to 
obtain a global order number. 


6. Obtain the final ordering of the alternatives, based 
on the global order numbers. 


4.2.1. Borda Method: multidecisorproblem 


According to Silva, (2015), to do the ranking, the 
Borda method will be used due to the simplicity and 
practicality of understanding the operations. After knowing 
this article in 1794, the French Academy of Sciences 
adopted the Borda method for counting the elections. This 
method remained in use until 1800, when it was 
discontinued. 


Figure 4.9.presents the qualitative scale of the risk of 
the satellite mission objective. Using the risk values 
defined in this figure, an evaluation was carried out by 
three evaluators, whose result after being compiled allows 
to define which requirements should be allocated to each 


class of satellite. 


Qualitative scale of mission risk 


æ |Lowmissionrisk O O 
OD) High mission risk 


Fig. 4.9. Qualitative risk scale of the satellite mission 





objective 
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The flowchart steps in Figure 4.8 are described as 
follows: 


1. The definition of the people who will participate 
as evaluators 


2. The appraisers should be specialists in the space 
area, preferably with knowledge in systems 
engineering. 


3. Definition of the evaluation criteria; Refer to 
Figure 4.9. "Quantitative Risk Scale for the 
Mission Objective" as a reference. 


a) note 4: if the requirement analyzed offers a 
minimum risk to the mission, choose class A; 


b) note 3: if the requirement analyzed offers a low 
risk to the mission, choose class B; 


c) note 2: if the requirement analyzed offers a 
moderate risk to the mission, choose class C; 


d) note 1: if the analyzed requirement presents a 
high risk for the mission, choose class D. 


4. The appraiser must complete the spreadsheet 
with name, function, place of work and specialty, 
and vote on the alternatives by choosing the 
grade as defined in item 3; 


5. The sum of the quantities of each type of 
evaluation will be carried out. 


6. The result will be ordered reflecting the order of 
preference of the evaluators' alternatives. 


In the proposed exercise, a total of three fictitious 
evaluators were used, as shown in table 4.7. The criteria 
were defined in item 4.2.1 and the product assurance 
requirements are described in Table 3.1. After the 
evaluators completed the questionnaires, the data were 
compiled and then the borda method was applied. The 
results of each requirement were compiled and through a 
mathematical formula the satellite classes were defined for 
each requirement. 
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Table 4.7. Evaluation of Product Assurance requirements 


f Personnel training and certification 
Control of critical items 


D 


w 





Non-conformity control system 
Traceability 
Metrology and calibration 


be] Handling, storage, transport and preservation. 


AJAJAJA 
wW w| GW} 
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—_ | — 
AJAJAJA, A 


—_ 





AJA 


Qualification process 
| 8 Quality requirements for procurement 


ts | Receiving and inspection activities 


A 
W] | w| 


A 
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AJAA 





QA requirements for manufacturing, assembly 
and integration 
Manufacturing readiness reviews 
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—_ 
T = 


A 
WW | 


11. 


12. |Cleaning and contamination control 


D 
Ww 


Specific requirements for assembly and 
* integration 
14. |Logbooks 


15. [QA requirements for acceptance and delivery 


D 








R/S 
W | | GW} 











Project reviews 
EV - Evaluators, CL - Class 


Below is the synthesized result of the product assurance 
requirements and their applications in the satellite classes 
studied in this article. 
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Table 4.8. Classification of requirements in the appropriate classes of satellites 


1. [Personnel training and certification _ —  |AļB] | 
2. [Control of criticalitems CT A] BOTT 
3. [Non-conformity control system | A | BOL C | 
| 4. [Traceability CT A | BO CO 
| 5. [Metrology andcalibration | A | BO CC | CO 
6. |Handiing, storage, transport and preservation. | A | B | C | D | 
| 7. [Qualification process CT A] BOT 
| 8. [Quality requirements for procurement | A | B | | 

Receiving and inspection activities | A | B | C | | 


QA requirements for manufacturing, assembly 
10. A C 
and integration 
Manufacturing readiness reviews fA] BI|C] | 
Cleaning and contamination control fA] BI] Cl] | 


Specific requirements for assembly and 
i. ‘|: . A C 
integration 


14. |Logbooks CT A | BT CC CO 
| 15. [QA requirements for acceptance and delivery | A | B | c| | 
| 16. [Projectreviews CT A] BEC 





V. CONCLUSIONS 


In this chapter, the main conclusions of this work 
related to the obtained results will be exposed and closing 
with the suggestions for future works. 


In a scenario where the demand for redesign and 
process improvement is greater than the available 
resources, it is essential to decide which processes are 
most critical for the execution of the strategy. This 
decision cannot be made by a single manager, since the 
reality in organizations is of increasingly complex and 
that 
organizational units, many of them positioned in different 


transversal processes, is, executed by several 


Directories. 


www.ijaers.com 


It is well known that the space sector is strategic for the 
country's growth, and that is why a space program that 
aims to empower the country is necessary, but to 
circumvent this scenario of scarce investments, the 
alternative found is to build medium and small satellites 


This to develop a 
customization process for product warranty requirements 


work aims selection and 
applied to medium and small space missions, aiming at 
gains in manufacturing time, scope or cost, without 
promoting any additional risk to the mission. With 
smaller weights and reduced sizes, these satellites are 
suitable for use in various applications. 


For the realization of this article, the application of 
two simple and well-known methods was used. 
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The AHP-Sort method for classification problems 
where missions will be classified according to the 
accepted margin for project execution risk, defined by 
stakeholders. AHP-Sort's main function is to classify the 
satellite in classes A, B, C or D. 


The Borda method is also used, whose main function 
is the ordering of quality assurance requirements. The 
great advantage is that both methods are very simple to 
use, thus offering a great advantage for the space 
program. 


Finally, the proposed process will be documented and 
will become a reference for the application of the 
selection of the requirements actually necessary for each 
class of mission, thus avoiding the use of requirements 
that demand high cost when deploying on exploratory 
satellites however, without jeopardising the reliability of 
the mission. 
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